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Data collection 

Nonius Kappa CCD diffractometer 
Absorption correction: multi-scan 

(Blessing, 1995) 

r„,i„ = 0.939, r„„ = 0.990 

Refinement 

R[F- > 2aiF^)] = 0.030 

wR(F^) = 0.071 

5 = 1.01 

2837 reflections 

214 parameters 

1 restraint 



22619 measured reflections 
2837 independent reflections 
2590 reflections with / > 2a(l) 
Ri„, = 0.050 



All H-atom parameters refined 
Ap„,„ = 0.15 e A"' 
Ap„i„ = -0.23 e A"^ 
Absolute structure: Flack (1983) 
Absolute structure parameter: 
0.03 (6) 
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Table 1 

Hydrogen-bond geometry (A, °). 



D- 


H-A 




D-H 


H- ■ -A 


D-A 


D-H-A 


02 


-H02- 


■Si' 


0.86 (3) 


2.26 (3) 


3.1144 (14) 


173 (2) 


N3 


-Hm- 


■Nl 


0.77 (2) 


2.25 (2) 


2.643 (2) 


112.4 (19) 


N3 


-¥IN3- 


■02" 


0.77 (2) 


2.43 (2) 


3.023 (2) 


135 (2) 


N3 


-HN3- 


■Ol" 


0.77 (2) 


2.52 (2) 


3.061 (2) 


128.3 (19) 



Symmetry codes: (i) x -f 1. y. z — 1; (ii) — -v -f 1. — y, z 



In the crystal structure of the title compound, C11H15N3O2S, 
the C— N— N — C and C— N— C— C torsion angles involving 
the benzene ring and ethyl group are 11.91 (15) and 99.4 (2)°, 
respectively. An intramolecular N— H- ■ -N hydrogen bond is 
observed. In the crystal, molecules are linked via N— H- ■ O 
and N— H- ■ S hydrogen bonds into a three-dimensional 
hydrogen bonded network. Finally, the molecules show a 
herringbone arrangement when viewed along the a axis. 

Related literature 

For the synthesis and biological applications of thio- 
semicarbazone derivatives, see: Lovejoy & Richardson (2008). 
For one of the first reports on the synthesis of thio- 
semicarbazone derivatives, see: Freund & Schander (1902). 



Data collection: COLLECT (Nonius, 1998); cell refinement: HKL 
SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL, 
DENZO (Otwinowski & Minor, 1997) and SCALEPACK; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: DIAMOND (Brandenburg, 2006); software used 
to prepare material for publication: publCIF (Westrip, 2010). 
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electronic archives (Reference: BX2462). 




Experimental 

Crystal data 

C11H15N3O2S 
M, = 253.32 
Orthorhombic, Pnal^ 
a = 8.9962 (2) A 
b = 16.1159 (2) A 
c = 8.5491 (1) A 



V = 1239.46 (3) a' 
Z = 4 

Mo Ka radiation 
jLt = 0.26 mm^' 
r = 293 K 

0.15 X 0.13 X 0.12 mm 
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51 . Related Literature 

For Biological activities of thiosemicarbazone derivatives see Lovejoy & Richardson, 2008. 

52. Comment 

Thiosemicarbazone derivatives have a wide range of biological properties. For example, some thiosemicarbazones show 
anti-proliferative activity against tumor cells (Lovejoy & Richardson, 2008). As part of our study on synthesis and 
structural chemistry of thiosemicarbazone derivatives from natural products, we report herein the crystal structure of a 
derivative of vanillin. 

In the title compound, C11H15N3O2S, Fig. 1, the C-N-N-C and C-N-C-C fragments makes torsion angles of 11.91 (15)° 
and 99.4 (2)° with the benzene ring and ethyl group respectively. The molecule matches the asymmetric unit (Fig. 1) and 
shows a trans conformation at the C7 — ^Nl and Nl — ^N2 bonds. In the crystal structure the molecules are linked Ana N — 
H---0 and O — H - S hydrogen bonds interactions into a crystal packing which shows a herringbone arrangement viewed 
along the a-axis,Fig.2. Additionally, one N — H - N intramolecular hydrogen bond interactions is observed, Table 1, 

53. Experimental 

Startmg materials were commercially available and were used without fiather purification. The synthesis of the title 
compound was adapted to a procedure reported previously (Freund & Schander, 1902). In a hydrochloric acid catalyzed 
reaction, a mixture of vanillin (10 mmol) and 4-ethyl-3-thiosemicarbazide (10 mmol) in ethanol (80 ml), was refluxed for 
5 h. After cooling and filtering, the title compound was obtained. Crystals suitable for X-ray diffraction were obtained in 
ethanol by the slow evaporation of solvent. 

54. Refinement 

All hydrogen atoms were localized in a difference density Fourier map. Their positions and isotropic displacement 
parameters were refined. 
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Figure 1 

The molecular structure of the title compound with labeling and displacement ellipsoids drawn at the 50% probability 
level. 




Figure 2 

Crystal structure of the title compound viewed along the b-axis. The herringbone pattern of the crystal packing along the 
a-axis is observed. 
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4-Hydroxy-3-methoxybenzaldehyde 4-ethylthiosemicarbazone 

Crystal data 

C11H15N3O2S F(000) = 536 

= 253.32 1.358 Mgm-3 

Orthorhombic, Pnali Mo Ka radiation, X = 0.71073 A 

Hall symbol: P 2c -2n Cell parameters from 31793 reflections 

a = 8.9962 (2) A ^ = 2.9-27.5° 

Z)= 16.1159 (2) A /i = 0.26mm-i 

c = 8.5491 (1) A r=293 K 

V= 1239.46 (3) A3 Prism, yellow 

Z=A 0.15x0.13x0.12 mm 



Data collection 

Nonius Kappa CCD 

diffractometer 
Radiation source: fine-focus sealed tube. Nonius 

KappaCCD 
Graphite monochromator 
Detector resolution: 9 pixels mm"' 
CCD rotation images, thick sHces scans 
Absorption correction: multi-scan 

(Blessing, 1995) 

Refinement 

Refinement on 

Least-squares matrix: full 
R[F^ > 2(7(F)] = 0.030 
wRiF") = 0.071 
5= 1.01 

2837 reflections 
214 parameters 
1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted /?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > ffiF^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



7;,i„ = 0.939, 7U = 0.990 
22619 measured reflections 
2837 independent reflections 
2590 reflections with 7 > 2(r(I) 
7?i„, = 0.050 

Omax '2,1 .S , ^min 3.4 

h = -n^n 

A: = -20^20 

/ = -ll^ll 

Hydrogen site location: inferred from 

neighbouring sites 
All H-atom parameters refined 
w = \IW{F„^) + (0.0355P)2 + 0.3575/'] 

where P = {F^^ + IF^^yi 

(A/a)n,„< 0.001 
A/>max = 0.15 e A-3 

Ap^ = -0.23 e A-3 

Absolute structure: Flack (1983), ???? Friedel 
pairs 

Absolute structure parameter: 0.03 (6) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X J Z L/"i5o*/^;q 

SI -0.13718 (5) -0.18485 (2) -0.32559 (6) 0.02743 (12) 

01 0.63909(13) 0.01577(7) -0.84398(16) 0.0256(3) 

02 0.77231 (14) -0.08623 (8) -1.02714(15) 0.0254(3) 
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Atomic displacement parameters (A^) 
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CIO 0.0321 (10) 


0.0347 (10) 0.0316 (10) 


0.0121 (9) 


0.0042 (9) 


-0.0003 (9) 


Cll 0.0323 (11) 
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Geometric parameters (A, °) 


SI — C8 
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C2 — H2 
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1 3625 


C3 — C4 




1 406 (2) 
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C6— C5— H5 
CI— C6— C5 
CI— C6— H6 



124.4(11) 
120.50(15) 
120.4 (12) 



C7— Nl— N2— C8 
C6— CI— C2— C3 
C7— CI— C2— C3 
Cll— 01— C3— C2 
Cll— 01— C3— C4 
CI— C2— C3— 01 
CI— C2— C3— C4 
01— C3— C4— 02 
C2— C3— C4— 02 

01— C3— C4— C5 
C2— C3— C4— C5 

02— C4— C5— C6 
C3— C4— C5— C6 
C2— CI— C6— C5 



-177.34(16) 
0.1 (3) 
-177.84(15) 
-10.6(3) 
168.32 (16) 
177.64 (16) 
-1.2(3) 
2.2 (2) 
-178.86 (14) 
-177.30(15) 
1.6 (3) 
179.51 (15) 
-1.0 (3) 
0.5 (2) 



HllA— Cll— HllC 
HUB— Cll— HI IC 



111.5 (19) 
107 (2) 



C7— CI— C6- 
C4— C5— C6- 
N2— Nl— C7- 
C6— CI— C7- 
C2— CI— C7- 
C6— CI— C7- 
C2— CI— C7- 
C9— N3— C8- 
C9— N3— C8- 
Nl— N2— C8- 
Nl— N2— C8- 
Nl— N2— C8- 
Nl— N2— C8- 
C8— N3— C9- 



-C5 
-CI 
-CI 
-Nl 
-Nl 
-Nl 
-Nl 
-N2 
-SI 
-N3 
-N3 
-SI 
-SI 
-CIO 



178.46(16) 
0.0 (3) 
-179.36(15) 
-168.55 (16) 
9.4 (3) 
-168.55 (16) 
9.4(3) 
171.47(17) 
-7.6 (3) 
-4.0 (2) 
-4.0 (2) 
175.21 (13) 
175.21 (13) 
-99.4 (2) 



Hydrogen-bond geometry (A, °) 



D—a-A 




D— H 


}i-A 


D-A 


D—i\-A 


02— H02- 


-SI' 


0.86 (3) 


2.26 (3) 


3.1144(14) 


173 (2) 


N3— HA3- 


■•Nl 


0.77 (2) 


2.25 (2) 


2.643 (2) 


112.4(19) 


N3— HA^3- 


•02" 


0.77 (2) 


2.43 (2) 


3.023 (2) 


135 (2) 


N3— HA^3- 


•01" 


0.77 (2) 


2.52 (2) 


3.061 (2) 


128.3 (19) 



Symmetry codes: (i)x+l,>', z-1; (ii) -x+\, -y, z+1/2. 
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